BACKGROUND: Potentially preventable admissions are a target for healthcare cost containment. OBJECTIVE: To identify rates of, characterize associations with, and explore physician decision-making around potentially preventable admissions. DESIGN: A comparative cohort study was used to determine rates of potentially preventable admissions and to identify associated factors and patient outcomes. A qualitative case study was used to explore physicians' clinical decision-making. PARTICIPANTS: Patients admitted from the emergency department (ED) to the general medicine (GM) service over a total of 4 weeks were included as cases (N = 401). Physicians from both emergency medicine (EM) and GM that were involved in the cases were included (N = 82). APPROACH: Physicians categorized admissions as potentially preventable. We examined differences in patient characteristics, admission characteristics, and patient outcomes between potentially preventable and control admissions. Interviews with participating physicians were conducted and transcribed. Transcriptions were systematically analyzed for key concepts regarding potentially preventable admissions. KEY RESULTS: EM and GM physicians categorized 22.2% (90/401) of admissions as potentially preventable. There were no significant differences between potentially preventable and control admissions in patient or admission characteristics. Potentially preventable admissions had shorter length of stay (2.1 vs. 3.6 days, p < 0.001). There was no difference in other patient outcomes. Physicians discussed several provider, system, and patient factors that affected clinical decision-making around potentially preventable admissions, particularly in the Bgray zone,^including risk of deterioration at home, the risk of hospitalization, the cost to the patient, and the presence of outpatient resources. Differences in provider training, risk assessment, and provider understanding of outpatient access accounted for differences in decisions between EM and GM physicians. CONCLUSIONS: Collaboration between EM and GM physicians around patients in the gray zone, focusing on patient risk, cost, and outpatient resources, may provide an avenues for reducing potentially preventable admissions and lowering healthcare spending.
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INTRODUCTION
National healthcare expenditures in the United States now total $3.0 trillion annually, with 32% spent on inpatient hospital care. 1 While total hospitalizations decreased by 1.2% from 2008 to 2012, hospital admissions from the emergency department (ED) increased by 5%. [2] [3] [4] Given the cost of hospitalizations, potentially preventable admissions are a focus for healthcare cost containment and a marker of healthcare quality. [3] [4] [5] Potentially preventable admissions are defined as conditions that can be managed with timely and effective treatment in the outpatient setting. 6 Previous studies have been unable to identify objective factors associated with potentially preventable admissions, including age, sex, functional status, comorbidities, access to outpatient care, and time of arrival to the ED. [6] [7] [8] [9] [10] [11] [12] [13] [14] Evidence suggests that physicians are better able to identify potentially preventable admissions than are objective measures and prediction tools. 9, [15] [16] [17] [18] [19] Despite this evidence, however, physicians' decisions regarding hospitalization are still unpredictable. 8, [20] [21] [22] [23] Disagreement between physicians about the need for hospital admission has been reported in one in five cases. [22] [23] [24] Physicians' decisions regarding admissions vary based on tolerance of risk, level of experience, and clinical gestalt. 25, 26 To date, no studies of clinical decision-making have investigated decisions around potentially preventable admissions from the ED. 8, 14 By understanding the decision-making process for hospital admission from the ED, we may better understand factors associated with potentially preventable admissions. 23, 27, 28 The purpose of this study, therefore, was to investigate physician perspectives and decision-making regarding potentially preventable admissions. To achieve this goal, we sought to 1) determine the rates of potentially preventable admissions at our institution, 2) identify factors and patient outcomes associated with potentially preventable admissions, and 3) explore physicians' clinical decision-making regarding potentially preventable admissions.
METHODS

Setting and Participants
This study was performed at an academic tertiary care hospital in Rochester, MN. The ED has approximately 80,000 patient visits a year, with 75 beds, including an observational unit. The hospital has 1265 beds and 11 general medicine (GM) hospital services that account for 6500 hospital admissions each year. The ED is staffed by emergency medicine (EM) physicians and residents. EM physician have admission privileges and discuss potential admissions with the medical officer of the day. Adult patients are then triaged to a GM hospital service, which includes internal medicine and family medicine. We evaluated all admissions of patients admitted to the GM services during a 14-day period in June 2014 and an additional 14-day period in November 2014. Two separate time periods were used to include a larger sampling of providers in both the EM and GM departments.
Quantitative Analysis
We performed a comparative cohort study to investigate rates of potentially preventable admissions and to examine for associated factors. Given that physician decisions about potentially preventable admissions have been demonstrated to be better than prediction tools, 9, [15] [16] [17] [18] [19] we defined cases of potentially preventable admissions through a physician survey. Within 24 h of a hospital admission, the admitting EM and GM physicians were asked whether they believed that the hospital admission was potentially preventable. If at least one physician determined that it was, this admission was considered a potentially preventable admission. Controls comprised all other admissions during the same time period.
To identify factors associated with potentially preventable admissions, we extracted patient data from the electronic medical record using Advanced Cohort Explorer, an advanced query tool that allows authorized users to access clinical and administrative data from multiple clinical and hospital source systems within Mayo Clinic in Rochester, MN. Based on reported associations from previous studies, we extracted 
Qualitative Case Study
We used a case study methodology to explore physicians' decision-making processes regarding patient admission in cases of disagreement. Using a single case study methodology with multiple embedded units in order to compare perspectives on the specific case of interest, potentially preventable admissions, 32, 33 we evaluated the clinical decision-making process at the time of hospital admission for both the EM and GM physicians.
Sampling Strategy. To define and explore potentially preventable admissions, we chose specific clinical cases in which the physicians had a difference of opinion on whether the patient's admission was preventable. From that subset, we identified EM and GM physicians who had differing opinions and invited them to participate in a semi-structured individual interview. Thus we had two embedded units: EM physicians' and GM physicians' views on preventable admissions.
Interviews. The interview guide was developed in an iterative process, through literature review, discussion with the research team (consisting of EM and GM physicians), review with a qualitative methods expert, and identification of specific cases. We asked general questions about physician decision-making around the need for admission and then presented the case that the participant was involved in to generate specific discussion about admission decision rationales. The interviews lasted about 1 h and were conducted by research team members.
Data Processing and Analysis. Interviews were recorded and transcribed verbatim. To gain a balance of perspectives, our research team included both EM and GM physicians. We used an exploratory, applied thematic analysis approach to data analysis. 34 To fit with this exploratory approach, three team members (AS, MO, APS) independently reviewed a subset of the interviews (n = 5). These team members developed a code book through a process of open coding, revising the codebook through team discussion and refining the codebook through application to subsequent interviews. Once all three team members agreed on the codebook, it was applied to all interview transcripts independently and in duplicate, reconciling disagreement through group consensus. The codes and associated quotations were then analyzed by three team members (LMD, AS, MO), and initial themes were identified. These themes were discussed with a qualitative expert (APS) and content expert (DTK), and major themes were agreed upon by consensus. The team discussed comparisons between EM and GM physicians regarding the phenomenon of potentially preventable admissions. Through group review and consensus, themes were organized into larger domains that encompassed all of the major themes. Data analysis was performed simultaneously with data collection, and interviews were conducted until no new themes were identified by the research team.
RESULTS
Quantitative Results
For this study, we included 396 patients, accounting for 401 admissions ( Fig. 1 ). Responses were included for 44 EM physicians and 38 GM physicians. The overall rate of potentially preventable admissions at our institution over this period was 90/401 (22.2%) admissions. EM physicians identified 22/401 (5.5%) admissions and GM physicians identified 76/401 (19%) admissions as potentially preventable, with slight agreement (Cohen's κ = 0.10). There was no difference in agreement on primary admission diagnosis between potentially preventable and control admissions (78.8% vs. 79.1%, p = 0.82).
Comparing potentially preventable admissions to control admissions, there was no significant difference in patient age, sex, race, insurance, location of residence, admission level of care, primary care provider location, CCI, ECOG performance status, ED arrival time, ED arrival day, hospital admission time, or hospital admission day (Table 1) . Potentially preventable admissions had shorter length of stay than control admissions (2.1 vs. 3.6 days, p < 0.001). There were no differences between potentially preventable and control admissions for other patient outcomes, including ED length of stay, discharge level of care, 30-day revisit to the ED, 30-day readmission to the hospital, or in-hospital mortality (Table 2) .
Qualitative Case Study
Nineteen attending physicians were interviewed-ten EM physicians ranging from 1 to 32 years (median 11 years) in practice, and nine GM physicians ranging from 1 to 30 years (median 5 years) in practice. EM and GM providers highlighted multiple themes within the domains of provider, patient, and system factors.
Provider Factors. Admission decisions were affected by provider factors, including differences in provider roles, risk-benefit assessment, and outpatient access.
Provider Roles. Participants identified a difference in provider roles leading to different perspectives on preventable admissions, wherein the EM physician triages and the GM physician manages patients. A case that highlighted this difference in provider roles was an 84-year-old woman who presented with acute left facial droop and was brought by ambulance to the ED, where the stroke team was contacted. A CT of her head was normal and her symptoms resolved in the ED. She was admitted for further work-up for poor oral intake and failure to thrive. The EM physician completed the stroke evaluation and admitted the patient to a GM hospital service for work-up and management of her failure to thrive. An EM physician explained, B[EM physicians] are trained to look at the most severe things first. [GM physicians] are trained to address the most common things first.^Another EM physician said, BWe do not make a differential diagnosis in EM; we do risk stratification,^and BOur training is different.
We think in terms of worst-case scenarios.^Another EM physician agreed: BWe view our role to rule out lifethreatening etiologies. Inpatient medicine service is looking at a more holistic approach to managing things over a long term.^Another EM physician similarly stated, BI think of the Risk-Benefit Assessment. Another provider factor that affects clinical decision-making for hospital admission is the difference in assessment of risk and benefit. This difference was most apparent in cases where an admission decision was not clear-cut, what both groups of providers called the Bgray zone.^Gray zone decisions revealed that EM physicians place greater risk on sending patients home, whereas GM physicians place higher risk on admitting patients to the hospital. A case in point involved a young woman with chronic dyspnea and with a previous extensive work-up at an outside hospital, who presented to the ED upon arriving in town for a prearranged outpatient evaluation scheduled for the following day. She was admitted and discharged the next day, but she missed her first outpatient appointment and was upset about the hospital bill.
EM physicians are more likely to accept the risk of hospital admission over the risk of clinical decline at home. An EM physician reflected on a case: BIn hindsight, it's always very easy to say that it was a total waste of resources, but you don't know, because the same patient can go in both directions. If you have 100 patients, and 99 you admit and nothing happens, and one has something happen, should you trade the 99 for the one?^Another agreed: BYou might need to keep [the patient] in the hospital overnight to ensure they have a positive, as opposed to a negative, trajectory.^This was also evident when an EM physician was asked why GM might view an admission decision differently, and commented: B[The patient] did not have a life-threatening diagnosis and did not deteriorate. The patient ended up with complete benign presentation, basically lack of bad outcome.Ĝ M physicians are more likely to view hospital admission as high risk when the patient requires no further intervention while in the hospital, in view of the risk of infection and delirium and the cost of hospitalization. One GM physician explained patient cost: B[Patients] do not understand the difference between observation admission and hospital admission…When they find out they were charged $77/h and for every pill administered, this sometimes alters their expectations.^This was summarized by a GM physician: BI think if you are an admitting physician, your default is going to be to try to do less. However, if you are an ER doctor and you have a patient that is on the border line, it is on you. [A GM physician's] default is they don't need to be admitted, whereas the ER is going to admit them. I think that is a huge part of the discrepancy.Ô utpatient Access. A final difference in provider factors affecting clinical decision-making around potentially preventable admissions was access to outpatient resources. This was illustrated in the case of a previously healthy 68-year-old man who presented to the ED with new dyspnea on exertion. A chest x-ray demonstrated a large right-sided pleural effusion. There was concern for malignancy, and he was admitted for evaluation. The EM physician noted that BIf you find cancer on an xray, and a patient does not have an oncologist, there is no way to resolve that in the emergency department without appropriate referral mechanisms.^The GM physician similarly remarked that Bthe [EM] physician did not have ready access to have [the patient] plugged in. I had the resources to be able to get the patient's follow-up, and [the EM physician] did not.Â n EM physician explained, B[GM physicians] know resources better than we know resources.^An EM physician noted that they would prefer having GM physicians provide their expertise in real time so that admissions could be avoided. Another provided an example of a patient with a rheumatologic disease: B[The GM physician] might say, if they were to see the patient, that they would start steroids and see them again in a week. Then it makes sense for us to do the same thing. Having access to some of that expertise would be helpful.Ĝ M physicians agreed that EM physicians should not be expected to know how to arrange for subspecialty care in the outpatient setting. Another GM physician agreed, reflecting on a time when an EM physician called for advice, asking, BWhat do you think we can do for this patient? Is there some way to keep this patient out of the hospital?^This physician noted that this communication helped Bfacilitate the process of getting some of those gray area patients expedited outpatient follow-up and avoiding admission.^This was summarized by a GM physician: BThere will always be some sort of conflict or area where we disagree in the gray zone. I think that is the most challenging part, and I think that our communication helps best with that.P atient Factors. Patient factors affecting differences in clinical decision-making between EM and GM included patient acuity and diversity. A case highlighting this difference involved an 80-year-old man with benign prostate hypertrophy who presented to the ED with fever of 39.2 C and dysuria, and was found to have a urinary tract infection. He was hemodynamically stable. He was treated with 2 L of intravenous fluid and antibiotics and was admitted to the hospital. He remained stable overnight and was discharged the next day.
As an EM physician observed, BWe operate on different populations.^The patients in the ED have higher acuity and are more diverse than those in the hospital; ED patients will need intensive care and emergency surgery more often than patients on the GM service. Another EM physician went on to explain, BWhat [GM physicians] don't understand is that our patient population is different. The fact that [the patient] got to the emergency department, they are a high-risk pool. We're not talking about the same patient population anymore.P atients seen by GM physicians are often less acutely ill. One GM physician described an interaction with an EM physician regarding the case of an 80-year-old woman with abdominal pain: BIf I were to see this patient, there is no way I would send to her to the CT scan. The [EM physician] explained that the group of patients self-selected to present to the emergency room is inherently different than the group of patients that present to clinic. This is a very valid point. [EM physicians] are seeing a sicker group, a different population. They are seeing the bad stuff or the rare stuff.^Again, a GM physician pointed out the difference in patient acuity: BThe ED tends to be busy with very acute patients who have rapid needs, versus in the hospital, where they are somewhat stabilized^. Another GM physician explained the difference in patient type; BThe breadth of patients we see on the hospital ward are different than the breadth of patients seen in the ED.
[EM physicians] also admit patients to the ICU (intensive care unit).^Both specialties noted that the difference in patient acuity and type affects clinical decision-making.
System Factors. System factors affecting clinical decisionmaking include time pressures and competing demands. This was highlighted in the case of a 44-year-old man with heart failure who presented with shortness of breath. Both the EM and GM physician noted the difference in the amount of time available to assess the patient, resulting in different clinical decisions. The EM physician had planned for admission and started diuretic therapy. By the time the GM physician received the patient for admission, the patient had improved.
An EM physician explained the difference in time pressure: BThe inpatient team has had more data, most importantly being time.^Another EM physician highlighted that Bchest pain in the emergency department is difficult to risk-stratify, but after 6 h of observation, risk stratification becomes significantly easier. When the patient has had time for three negative troponins and normal electrolytes, it is significantly easier.^When discussing the reason for a discrepancy in the decision for admission, a GM provider noted, BI had the beauty of hindsight, and [EM physicians] don't.^Another GM physician agreed: BIt becomes a little retrospective.^As one GM physician summarized, BAs a hospitalist, I don't think we give the ED enough credit. It's really easy to be a Monday morning quarterback.Â n EM physician went on to explain competing demands in the ED: BIf the patient is bordering for going home or coming in, those are the patients that I want to spend the least time on, because that is at the expense of patients who are really sick.Â GM physician agreed: BThe ED tends to be busy, tends to be with very acute patients who have rapid needs, versus in the hospital, for these patients, not always but at least partially worked up, and hopefully somewhat stabilized, and so it isn't as much urgency or time pressure to complete everything.Â nother GM physician concurred: BIt's easier for [GM physicians] to think about patients in the long term. Emergency medicine has to make decisions quickly compared to us. We have sometimes days to make a decision whether the patient can go home; they need to make the decision more quickly. Our timelines are different.^The difference in perspectives on admission decisions is influenced by the system factors of time pressures and competing demands.
DISCUSSION
Potentially preventable admissions are a source of increased cost to the health system, and have been identified as a marker of healthcare quality. 15 In this study, physicians identified one in five hospital admissions as potentially preventable. We found no significant associations between potentially preventable admissions and patient or admission characteristics. Potentially preventable admissions had shorter length of hospital stay than control admissions. EM and GM physicians identified several patient, system, and provider factors that affected decisions regarding hospital admission, most notably the difference in provider roles, risk-benefit assessment, and knowledge of outpatient access. These differences highlight possible opportunities for future exploration of physician decisionmaking with regard to identifying potentially preventable admissions.
The results of this study are consistent with those of previous studies that were unable to identify objective markers to aid in identification of potentially preventable admissions. [7] [8] [9] No association was found for patient age, consistent with a study by Chan et al., who posited that previous associations with age may have suffered from confounding. 7, 8, 10, 13, 14 Other patient-related factors, including access to primary care, functional status, and comorbidities, also showed no association with potentially preventable admissions. 14, 17, 21, 31 Similarly, no association was identified for system-related factors, such as time or day of presentation to the ED or length of stay in the ED. 8, 10 Outcomes such as readmission rate and mortality also were not affected. 8 This study thus reinforces the results of previous studies demonstrating that physicians are best able to identify potentially preventable hospitalizations without negatively impacting patient outcomes. 9, [15] [16] [17] [18] [19] While we were unable to identify associations with objective markers, we characterized a difference in clinical decisionmaking between EM and GM physicians regarding the need for hospital admission. 8, 20, 24-26, 28, 35-37 Factors that affected decisions on potentially preventable admissions fit into the three major domains of patient, provider, and system factors, aligning with a similar study exploring factors influencing the quality of healthcare. 38 Commonly used quality improvement methods begin with root cause analysis, and the domains and themes identified in this study can drive quality improvement efforts aimed at addressing potentially preventable admissions. 39 When exploring reasons for differences in decisions, we found the difference to be most notable in cases where patients were considered to be in the Bgray zone^, when there was no clear decision for hospital admission. 28, 40 Patients were often in this gray zone when risk and benefit appeared to be equal, or outpatient evaluation was unclear. In these cases, EM physicians best estimated the risk-benefit between risk of potential clinical decline at home and potential outpatient evaluation in order to determine the need for hospital admission. 22, 41, 42 After the decision for hospital admission had already been made by the EM physician, the GM physicians would then assess the risk-benefit of hospitalization and potential for outpatient evaluation from the GM perspective. 22, 41, 42 At this point, where patient care transitions from EM to GM, EM physicians can best attest to risk of clinical decline at home, whereas GM physicians can best attest to optimal inpatient or outpatient management. 22, 27, 28, 35, 42 Previous studies have shown that this point of transition from EM to GM physicians provides an opportunity for improvement in patient care. 23, 27 When GM physicians participate in the care of patients in the ED, patients benefit by having adjustments to management plans and lower rates of hospitalization. 23, 27 However, previous studies involved the transitioning of care from EM to GM while patients remained in the ED. 23, 27 Instead of transitioning care, collaboration of care may offer more information and therefore the ability to better assess the need for hospitalization for patients in the gray zone. 23, 27, 43 For example, EM physicians are able to offer expertise in stabilization and risk of decompensation at home, while GM physicians are able to offer expertise in optimal inpatient versus outpatient management. This collaboration benefits the patient by providing an individualized and comprehensive management strategy that incorporates both providers' perspectives. This will enable a greater number of potential hospitalizations to be identified as preventable before the admission occurs, thus providing the opportunity to avoid unnecessary hospitalization. 23, 27 There were limitations to this study. Only those patients who were admitted to the hospital were evaluated, and patients discharged from the ED were not included. Further research should compare outcomes between potentially preventable admissions and patients discharged from the ED. We also did not include patients admitted from clinic, which could be another source of potentially preventable admissions.
CONCLUSIONS
Physicians determined that one in five hospital admissions were potentially preventable, representing a possible source of unnecessary healthcare cost. Collaboration between EM and GM physicians around patients in the Bgray zone,^focusing on the risk of deterioration at home, the risk of hospitalization, the cost to the patient, and the presence of outpatient resources, may provide an avenue for reducing potentially preventable admissions and lowering healthcare expenditures.
